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REPORT NO.18.

AEROFOILS AND AEROFOIL STRUCTURAL COBIBINATiONS.
By Er)GAES. ~ORERLII andH. S. MAE’JZN.

INTRODUCTION. -

FO~ NOTATKON.

(Pounds, square feet,miIE8perhomtits.)

A.=Area ofaerofoilinsprefeet. TIWbrryemodeI-aerafofIawereMbySinek.
C!.P.=Cent~ of ~ ~ e., thepointofmksedmn of themeultmtmet.orof

forc~mth the laneof the aerdiil’s chord.
0/.D=llrsqf theaerof aa@qbyD–3GAP=D1-Q-D,.

Dtiy=D
-7

of istandmdau; L e., 0.07608lbs./cu.ft.
D,=Drag o the aerofoil whenF–O.
D1=DragoftheaemfofIatthecor@ Tfor thetfat.

“’=D7’*e%’&@”a”””+%%#*e wind.I=& e ofma eme;1.e., argleof
3G=Dragcoefficientusedin tbeataQdardormnkD=

%-
V=Drag coefficientusedin the standardfommdaL= A;:

–Lift of the aerofofi asgfven by L=li&ttP=&=&.
L/D=I@tioof lift to drag.

&=hft of the aerofoflwhenV=O.
Z1=Liftof the aerofoflat the W Vfor the W

M=Moment of rmnltmt vector- 1– ~ for M. I. T. balance.

M =Momentofremltantvectorwlk%% O.
d?=?doment of remltant mctnr attheamect Yfor thetat.
kVelocity of the wind; i. e., 30& per hour for tka teats.

Mathematical theory has not, as yet, been applied to the discon-
tinuous motion ast a wnbemd surface, using the term cambered

%as generally un eretood in aeronautics. For fhie reason, we are
able to d- aerofoik onl ~y consideration of those forms which

?have been successful, by app p~ eneral ruks learned by expcmence,
snd by then testing the aero oik m a reliable wind tunneI. A t

rmany aerofoila have from time to time been tested and from em
we Imow general rules which must be observed concerning camber
and the variations of camber on the u per and Iower surfaccEJ,if we

$are to expect to attain even fair res ts. Results better than the
ordinary are onl attained when these generaI ruks are observed,

Jand patience an good fortune are combmed. There are equations
of curves which are very much like some aerofoils but they are not
deduced from mathematical knodedge of the flow pmt an aerofoiI
but rather from the knowledge of the shape of these CWVEEJ,and a

$!2
d idea of the shape of a satisfactory aerofoiI. It seems poseibIe
* eventuaU we shell know mathematicsll the beet form for

{ fspeed and-dim , but the practical application o this know-ledgemay
be more Micuk than the present method of dewgning.
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OBJECTOF THETEST.

Although a great many aerofoils have been tested, many are use-
1~ from a practical point of view. It seems safe to assert that in

~~i?;s~dn;~$??’
aerofoil used is either one of the best five

El el near Paris or b the National Physical
iLaboratory at !l!ecldington, IG@and, or ased upon them with

some slight modifications. A wdl be seen from the results o~ these
teats apparently slight variations may make considerable differences.

We are thus lirmtecl to a few aerofoila, and some of thwe lack
certain desirable characteristics sa to tie depth of wing spars com-
bined with aerodpamical efficiency. It would seem of advantage
to have the follo

Y
rewdts of the t@s made upon the SIXstruc-

turally excellent an heretofore aerodpunicsll @mom aerofoile
8de~igned by the Atiation Section, Signal Corps, @NI Sta@ Amy.

‘“ Comt’tutw ‘ie’afpst Ww”up ‘f aerofd’=wpti?i$wof the N. P. L. and M. tiel, w ch has been tested and pub

DESIGNOF TEE AEROFOILS.

U.S. A. 1 is a modification of the Clark.aerofoil to pweiv? a deeper
rear spar. It was ,ddgned to be a good lngh+peed wing, Witha good

~, having at the same time sufficient rear spar depth.

Depth of front spar= 0.0684 chord.
Depth of rear spar ==0.0497 chord.

U. S. k 2 is a combination of the good ch.maderistica of both
R. A. l?. 3 and R. A. F. 6. It is an aerofoil d

T
edforuseinabi-

plane combination M foJlowa: The depth of the ont spar measured
along a line making an @e of 10°45’ (angle of st er) with the

Fvertical is 0.875 that of R. A. l?. 6. The depth of e rear spar is
0.88 that of the fronts ar of U. S. A. 2. The center of the front spar

1is 0.12 of the c+ord, an the center of the rear spar is 0.70 of the chord,
from the lea

9
edge. The curve of the Up er surface is R. A. F. 3

/’and that of the ower surface is R. A. F. 3 owered and modiflsd to
take the deeper spars.

U. S. A. 3 has the same structural features of U7S. A. 2. The
nose is moved~oruxzrd $ inch and the ordinates are measured and cal-
culated as a ratio of a 30&inch chord. These ordinates are then
transposed to a 30-inch chord. The rear 0.8 of U. S. A. 3 is identical
with the rear 0.8 of U. S. A. 2 and the changes necessitated occur in
the leading 0.2 of the aerofoil.

U. S. A. 4 was dasi ned as indicated for U. S. A. 3 ex t that the
% ?nose was moved Binc hckward instead of forw~d as in . S. k 3.

U. S. A. 5 is not based upon any particular q section but upon
a general consideration of the factors necessary to result m an aero-
dynamically ~d structualIy efficient areofoil.

U. S. A, 6 ISdesigned from the basic principles of a certain foreign
aerofoil that has rendered particularly good results in the European
clmflict.
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CONSTRUCYHONOF THEU. S. k AEROFOILS.

The brass aerofoils were constructed by the Industrial Mmmfactur-
ing Co. of Csmden, K!. J,, which firm is well known for the accuracy
of its work. The method used is briefly indicatid as foUows:

The drawings to a scale based on a 30-inch ohord ware furnished to
tie compan .

L
The company turned the drawings over to ita tool

&9igner wi instructions to him to et out the necws
d 7

twla for
the work. These instructions resul in his having ma e a heavy
millin arbor to take a two-piece fly cutter, the reason for this two-

8piece y cutter being because of the width of the cutand the thinness
of the models.

The tool designer next secured a plate about+ inch thick by 5 by 24
inches, which was machined all over with tongs inserted on one side?

for the purpose of locating it centrall on the milling machine. l?our
r~~~M were inserted at the end o this plate to take the thrust of

The “atterns and castings were made in the usual way. The scale
Ewas ta en from the castings, and they were then relieved of all

strains by a heat treatment.
They were then turned in stri s 1 inch wide across the width of the

model and the plate treated in & e sanmmanner, and they were then
ready to be sweated together. After this they were ready for the

9
mil “ operation of the fist side, which, of course, was the concave
or un erside of the aerofoil.

It was deaided that the use ofs- k-edge fly cutters would be the

%
3uickeat and most accurate meth for the ndling operations, so

t at method was adopted.
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h order to plot the curves to modeI size, a master layout was
necessmy. To this end, a face plate, fitting a univer@ dividing
head -wasmade and the layout was secured in the follo

T
manner:

A piece of zinc was utilized for the tem@ate, which was oroughly
oleaned and polished. It was coated W& a mixture of a saturatd
scdution of copper ad hate and hydrochloric acid. The zinc then

f
%resented a fine jet-b ck surfac?, which was then fsstened to the

ace plate on the universal ditidmg head, the same being mounted
on a perfedy finished surface plate. The datmn lines and all the
lines of intersections were then drawn with a height auge. The

$single-edge fly outters were made to harmonize with e curves of
the master layout and the aerofoik were then milled to within
0.01 of the fimshed size from the datum line. Sweat@ pads were
left on the machined side of the aerofoil, and were full langth of the
casting. These were tinned and sweated onto plate, as in the first
operation.

The underside of the aerofoil waa filled with laster of Paris and
$’allowed to hardep, aftar which the second ti e wss machined to

within the same hmits as the fit.
The 6niahing was, of course, done on the bench, the surface plate

and height gauge Mug ueed h detarr@ne the points of measurement,
and the measurements taken with mmrometers with special points
made for this purpose. In this way they were fished to the ultimate
meas~ement+ by hand, which wss a tedious, but very interesting
operation, o

3
to the precision required.

MI upper aces are correct ta 0.001 and au lower surfaces are
correct to 0.002.

METHOD OF CONINKXJNGTESTS.

The modeI aerofoile were held in the ordinary position in the wind
tunnel by a vertical spindle attached to the bahnce. The angle of
incidence was varied and observations were made to determine the
components of forc~ directed down the stream and across the stream,

2
aswellasthetwis moment about a nrtical axis passing through
the suppo~tings ind .

{
Forces are measured direetl in pounds and

moments m mc -
E

zunds on the model for a win veIocity of 30
ties pm hour. e density of the air is 0.07608 pounds per cubic
foot.

The resuhs obtained in pounds for the forces were substituted in
the st~dard formuhe L y K,AP and D = ~A P, thereby giving

. the demred values of the hft and drift coefbmts.
The momenti about the vertical axis through the spindle M were.

measured on a torsion mire. Likewise, the 10 ‘tudid and lateraI
%components of the resultant wind force were o erved, i. e. & and

I& The total resultant force is then R==dlP~+EJ. The direction
1 Rv

of this force is at the angle= tan==~ measured from the ati of

the tunnel. The resuhlmt fyrhas an arm. Thus, A = M. The

force 1? is then determined
mmx-p

“tu~direction, and pmntmf~+&
iutermction with the plane o ti a.~foil’s chbrd. Thus LSde&r-
mined theccmterof prwe curve. :: !: ;Lti::;:. ti .,,___

L,– :. ~,1t: .+..., :,.1<: . .:. , ;..
?U;tjfl;~~it~!J,j:7p!lfiu[lCdj

---
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DISCUSSIONOF THERESULT%

The rwdts in no way contradict any of the known general principba
r ardin the effects of changing variations in the camber of aero-
f%s. d ere are rulee for determining the relative value of diHereut
wing sections. The lift-drift ratio, which is a measure of the effi-
ciency of an aerofoil, gives information as to the value of the wing.
The qualities desired in a good aerofoil are ~h speed, or low resist-
ance, great climbin ability, and excdent wwght carrying capacity.
Any one of these & aracteristics may be secured, but only at the
expense of the other two to a certain extent. h a pursuit machine,
where com romiees are made to secure both

i %
“ h speed and excellent

cknbing a ility, weight carrying is sacrificed. a bombing machine
~w&ht camying abihty is desired to the partiaI sacrifice of speed and

% In a training machine aU three characteristics are desired,
but ~ moderation. A machine designed for high speed alone has
onl ~ limited ractical ap lication.

concedp that thare is no “best” aerofoil, for all
ha!#~~#!! Jaractenstlw md perform W&ant functions. The
selection of a desirable section depends on the performance required
of the air lane desired.

!All oft e U. S. A. aer~fqils have the funda~tal uality of being
2structurally sound, ernuttmg the use of sufbently se wmg spars.

As S gested in
%

A 1?. Alexander KIemin’s “Course in eronautma,”
the U. . A. aerofoils are considered under the following headings:

(a) ‘The maximum value of& the angle at which it occurs, and

the correspomlin K&The reason for this comparison is that an air-
%plime in normal onzontal flight wiU generally be navigated at the

angle giving the beh ~ ratio, which is therefore important from an

ticiency point of view. The value of the lift coeillcient at the best

~ ratio is important because the greater the lift at this ratio the

smaller the area of the wing surface r uired for the load. With
7a heavy machine a big Iift coefllcient is esirable. With a pursuit

or racing machine a good ~ at small angb is desirable, so that with

a sufficiently powerful motor a great speed ma be obtained.
i(6) The maximum & the angle at whit it occurs, and the

corresponding $ ratio.-The maximum ~ is a very important t

characteristic. The
%

eater the maximum
%

the slower is the
speed at-which a mac “ e may fly and kind. hrge values of &

are accompanied by good ~ ratios, then-the machine will be efficient

in Climbingj though the bwt angle of climb is by no means at that
of the l?laximum

3
If the maximum ~ occurs at a high angle,

then there are possi ~tim of ood speed rm e.
f(c) The shape of the- burb e ~oint.-If &e lift {set the burble

point falls off very rapidly, the u lane can be tic ly stalled. on
% \the other hand, a win wrth a flat “ t curve at t e burble point will

avoid quick stw. ~n all the U. S. A. aerofoile the shape of the
curves at the burb e points is suf6cientIy flat to be satisfactory,
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(d) The ~ ratio at ti angles of incidence and small values of

& detb-e whether or not the aerofoil is refly suitable for high
sDeeds. We conform to W. KIemin’s camwriscm value of IL=
0;00086.

(e) Movement of center of pressure at low sagb.-l’he im ortanc8
1of this fact is readily a parent from consideration of stab- ‘ty. In

%all the U. S. A. aerofoi the movement of the center of pressure is
not rohibitive or unsatisfactory.

($ Structural considerations are satisfacto in such aerofoils.
T(g) Subheads (a), (5), and (d) are tabulated ermwkhfor comwn-

ience of reference.

I WrhnILm 2.
D I Wrimlm Kf.

I
X+O.oam

+- i+ I
z v–

oLu&d&c

&t& $’#f =r.
; ~ Ky. $ L%;

wind&fn -.

Semlld9.

U. S. A.l . . . . . . . . . . . . . 11 ~: 0.IM193 17.8
u.s.-4.2....-.. -----

15.0LlU13189.6 O.ra ~9
u .Wlw

U.E.A.8............
16.3 I&o .aa37 9.8

Lo .Wliw 1&4 13.6 .W3.Z43:? .3 It:
U.B.A.4...-........ : .CKI177I&m 15.0 .0)364 .36
U. S. A.6 . . . . . . . . . . . . 11 k: .GQWM ;::
u.& A.6 . . . . . . . . . . . . .

ILO .aaass 9.% .18 l!:;
11 3.0 .Mlmi . lLO .CKtm 7.27 .1 13.3

U. S. A. 1, its maximum ~ of 17.8, the highest of any U. S. A. aero-

foils, occurs at 3.0°, at wl&h point its center of pressure motion is
fairly rapid but not so rapid as to make the aerofoil undwirable.
~ aerofc$ would be undesirable as the wings of a very hea~ ma-
chme, but It is very de&rable as the - of a fast pursuit matie.
Its mwxim~ 1$ is sdicient~y huge to warrant a reasonable Ianding

speed. Its ~ at smaIl values of ~ is exceknt and usually better

than any of ‘tie other U. S. A. aerofoils. Because of its slow-km%

r
ed and its eat high speed and its burbIe point occurring at 15

3. S. A. 1 wo d make the most satisfactory pursuit machine wing of
all U. S. A. aerofofi with the eatest speed range of any U. S. A. aero-

ffoils. Structurally it is exce ent.
U.S. & 4, with its large ~ of 0.00364, would be suitable and very

desirable for heavy machmes rmd for machines m which tie dwigner
is attempting to obtain a very slow@ding speed. It is unsuitable

for high speeds because of its low ~ vahms at small values of ~.

Structurally it is excellent. ~

U. S. A. 6 has a maximum ~ of 17.4, being second in w particu-

laronlyto U. S. A. 1, of which the maximum ~ is 17.8. On both U. S.

—

—

—

A.6and U. S. A.lthemaximum ; occurs at 3°. In each the maxi-

— —
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mum
%

is only fair. The maximum ~ of U. S. A 1 is bettor than
that of . S. A. 6, so pursuit machines using U. S. A. 1 could be de-
signed to have a slower landing speed than those using U. S. A. 6.
It would appear, judging from ~ tabulation U. S. A. aerofoils just

given, that U.S. A. 6 has better ~ valuss than has U. S. A. 1 for small

vahms of KV. However, when we examine this characteristic for

many points, it is found that U. S. A. 1 has usually better ~ values for

small values of ~ than has U. S. A. 6. Thus it seems that U. S. A. 1
is better than U. S. “A. 6 for a pursuit machine. 130weyer U. S. A. 6

P
ocndd be used on a h“ -speed machine that is only a trifle s~owerthan
the machinea usin

L
. S. A. 1, but the machine win U.S.A. 6 would

land much faster an the one using U. S. L 1. f t 3°, the angle of

maximum $ for both U. S. A. 1 and U. S. A. 6, the center of pressure

movement of U. S. A. 6 is better than that of U. S. A, 1. U.S. A. 6 is
undssirable for use on a heavy airplane. Structurally it is satisfac-
to

3 .’S. A. 2 is next best to U. S. A. 4 for heavy maohiues or machines
designed for S1OWspeeds. It is unsatisfactory for a pursuit airplane.
Structurally it is satisfactory.

U.S. A. 3 and U.S.A. 5 are above the average of aerofoiIs.
An off-hand estimate of the U.S.A. aerofoils would arrange them in

order of merit as follows, but actual calculation might change this
order.

F’kuvyy’i&

U.S. IL aemfofh arrangad fn order of prefemnca. FO#u#
or for slow

um.
.

~w ~“. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . U: S: A:(l::::: U:~:A:4.

The general rulas we have do not..permit ua to choose betwean
two aerofoils of nearly the same characteristics, so a designer should
actually go through the necessary computations, using each of tho
several possible aerofoile in order to ascertain which aerofoil is the
best for the pu 0sss of his design. As a matter of inte~est rough

Tcalculations are ere “ven for a pursuit machine, and do
% T

eracan
follow the general me! od used herein for any type of sirp ane they
ma happen to be desgnmg.

L ong the U. S. A. a.erofoi$ it seems a
Y

arent that U. S. k 1
or U. S. A. 6 ie best for a purw.utmachine. or reasonable wmpari-
sons, the weight= horsepower available, and the arasite resistance

%should be the same for both maohines. The weig t will be assumed
sa 1,200 pounds, the parasite resistance as being represented by
0.025 V in ounds per square foot per mile per hour units and the

dpropelkw e ciency as given by the folkwing table, though such a
propeller might be diflicult to obtain in practice:

Vin?npt. . . . . . . . . . . . 506O7OSO9O1OO11OMO
E5ciency . . . . . . . . . . . . 60 #6606570757060
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The horsepower available curve and the parmite r~jmce cwe ,
can then be plotted, the brake horsepower of the motir b

Y
Sssumed

as 150. We may either assume a constant wing area an sscertain
which wing section gives the best edorm~ces ~r we -may prwcribe

\certain performances and see whit ~rof@ section cdl c~m~ clos~
ta or better the. performances. ThIS wdl resdt m vamations m
wing area and nunor changes in weight which can be n lected. A
l:- ~~ati wiIl be taken as 55 miles per hour. This w% determine

. The ‘C c;;h~odd climb me to be the best obtainable
Yunder the assure .

Using the equation IT= Ky AV we have 1200= – I@ A&. The

highest Ky of U. S. A. 1 is .00318 aud of U. S. A. 6 is .00298 giving
as aress required if U. S. A. 1 is used 124.5 squsre feet; if ~. S. A.
6 is used 133.5 square feet.

1200 = (Ky) (;2$J (P) Or

~y= (124.5) (~)

u.s.Lwlw-@+.m U.8.&=6-eIe:-136.6
.

1

I v m Kv
— .

● .
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.Cumss

.0me64

.Wuis8

.Omio

M-o
10_6

N
2.8

k:
-0.2,

M
60
‘n.

w

H?
la)

:=
.lm223
.0c04M
MI&m

.mi49

.m624

140
.S.6
ho
2.8

k;
-0.4
- K8

3
=te

.

w%%

76.6

l!%:

%!
Z4io.O
am.o
660.0

—

!29165°-s.Doll la 65--2a

——— —



Drag.
.

U;B. A. 1. U. E. A. 6.

Vmow =Z

perhour. “

66 am
al .Cc#3

.W01262 .ams5

.m70
IE .annw
110 .Wm66
ml .W365

la4.6 65 (m&6
98.6 m

.000116
% z .Cm36
m.tl .0m7
81 1% .W6064

110 .cmm65
I!% 6 m .mm7

P&6a
.

.
U.S. A. 1. U.S.A. 6.

“ +

Vmika Pku#its~ ~. ytg TOM
p hau. . -. J%:. T& we E. F&h&

. —
66 7.56 184.6 ml 7L6 163.6 Za9.1
~. G%6 18&6 :

&s
8#6

Ifs, 9
17&6

m
~6

$): B7. 7 z
197.6

z
66.4

~6 26 E %?1
1!% 8#

al
sl E:

110 a iii %’
Saw4

l!% s
m

120 m 478.6 MI 86!) M 469

1 I 1 1 I I t

l—l—l—l— l—1~----l

,U LUO,U . . . . . . . . . . . . . . . . . . . . . --------- . . . . . . . . . .

J ml w.o W.o .......... .......... .......... ..........

.
.



REPORT NATIONAL ADVISORY (IOMMIT!EEE FOB M?JKJNAU~CS. 355

Thus we see that actual calculations demonstrate that U. S. A. 1
is better than U. S. A. 6 for a pursuit machine, considering speed
abov~ for it has a

F
eatm high speed.

The beet cIimb o U.S. A. 1 is 1,450 feet perminuteat 70 miles per
hour and for U. S. A. 6 it is 1,480 feet

r
mimte at 60 miles per

hour. Although U. S. A. 6 Cm climb 30 eet pCrmiIIUt&fastar then
U. S. L I, yet the speed of U. S. A. 6 a~which best climb occurs is
10 miles per hour less than thes eed for the best climb of U. S. A 1.

\We believe that tie cilimbing a ility of U. S. A. 1 is better for a

b
ursuit machine than is that of U. S. A. 6. Hence U. S. A. 1 excde
. S. A 6 in both speed and climb characteristic.
The above process should be pursued whenever there is sn~ doubt

between the dative desirability of two or more wing sections for
specific purposw.

It wouId seem that I)r. Ehmsaker is a trifle low in his estimate
wherein he states that an increase in camber above 0.08 for the upper
surface is disadvantageous, tice four good U. S. A. aerofoils are
cambered es folIows:

U.S. A. 2 has a camber of 0.088 per cant of the chord.
U.S. A 3 has a camber of 0.0868 per taut of the choriL
U. S. A. 4 has a camber of 0.089 per cent of the chord.
U.S. A 5 has a camber of 0.085 per cent of the chord.
It is gmer@y conceded that the angle of no lift has no connection

with the characteristics of an aerofoiL AS a mattar of intm=t the
angle of no lift ocaum in the U. S. A. fterofoiI as follows:

.hfoiL %:’

U.S.A.1 >6
g.} ~ :::::::::::::::::::::::: H:::::::::::::-:::=:::::=::=- -af
U:S:A:4:::::::::::::::::::~: ~:=z:_z:xx=:z-z= ::.:::: -6-6
U.S. A. 5
U.S. k 6: :::::::::: =:=:n:=:::=::=:: ====:=::n:::=:::: =n::=::

-am
-29

—

...— —

AOrOfoikar-
mn@ In order

AmMsarran@Luor5e? ofm3ximwm negatka SllgIe of no Ilk af dt~-:

+
‘qllGi%$

—

U. RA.4 u. s. A. 4.
u. s. L 2::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: g.; .:
u.e. ~s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
u.s. La@u. s. A.6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . u:t3. A.a
U. S.A. I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . U. S.A. L

U. S. A.&

.—

—

. ..—

From the above table it appears that erhaps at some future date
&it might be desirable to invwtiga.te whe er or not the aerofoil with

the greatest negative @e o! no hft H also the beat aarofoil for heavy
—

aeroplanes or aerophmes dwgned for dow speeds.

———- —
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Since the~owest value.of ~ in ~heU. S. A. aerof@s occurs in U. S.

:’:; :o:2E:i::%:fi;:ti~K:z?g: :;,Y2E$
S. A. 6 than with an; of the other . S. “A.aerofo” .

In order tcmheck the valves that we have obtainod in the tests of
the U. S. A. aerofoils, as R. A. F. 6 section made of wood was tinted
and found to conform to former tests which are known to be satis-
factory. v

An examination of all the published 3 curves of the R. A, F. SOG
.

tions tested at the hf. I. T. tund show the rmwimum ~ obtained

varied between a little km than 16 to a trifle above 17. Our maxi-

mum ~ is equal to 16.78. On page 41 of “ Reports on Wind Tunnel

Experiments in Aerodynamics:’ Dr. Hunsak9r say “It appeara
that undetected dtierences in workmanship and ti between two
models may cause a ohange in coeilicients of not more than 3 er cent<’

%Let W assume for all R. A. F. sections tested at the M. L . tunnel
L and ~ are correct within 3 per cent.

L L+.03L .“ :
‘Wible ‘mor %-D~

“%%: ‘1”06)

or if the error be at the o~er extreme

L L – .03L .97L
‘o=ib]e ‘mor ‘m “m ‘m

=; (0.94)

It is thus seen that all published results of the M. I. T. on tests
of R. A. F. 6 are correct mthin the lhnite of workmanship and finish
an~t$a; our test gives a result about the mean of alIsuch teats.

Y
ested that it might be well if the United States Cicmrn-

ment owne standard brass aerofoile of the-R. A. F. and E~el types
constructed with absoluti accuracy and wluch could be avadable for
use on wind tunnels like the one at the M. L T. for checking the
accuracy of the tunmd whenever desirabl~ The Government has
standard weights and meaeumments. Why not apply this same idea
to aeronautics?

In British Reporte, 1912-13, No. 72, figure 14, the National Ad-
visory Committee for aeronautlca in England has suggested a method
of correction for LV. U. S. L aerofoils were tested at an L V
of l! while R. A. F. 8, 4, 5, tmd 6 were tested at an LV of 6.3.

~sdthel?
the pro er LV correction for the En lish tests of the R. A. F.

5. P. L. resulte and our results or tests on theR. A. F. 6

give the same maxhnum~ thus cheuking the aocuracy of our seriw
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of tests. Redwing the R. A. F. snd the U. S. A. aerofoils to the ssme
L V and tabulating the results we obtain the following:

AOrobularnmgealn order ofmeritmr mfuLmm=-Ii IM3xhmlm
&bcfd

,tmuo LT.

u. S.A.1... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17.6
U. E. L6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._ 17.4
B.& F. 6------------------------------------------------------------ I&m
B.A. F. 8------------------------------------------------------------ l&44
Us. A. 8. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._ :%;
u. E. L2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
U.S.A. 6. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 !u
u. B. A.&. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . lam
R. A. l?. 4. . . . . . . ..----- .- . . ..- . . . . . . ..-.. .-._ --.--. .-_ . . . . . . . . . . . -------------- Ihm
R.A. F.6--------------------------------------------------------------------------- X8
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AEROD~AMIO LABORATORY llEST.

MASSACHUSE’MW INSTITUTE OF TECHNOLOGY.

L of i.

o

-4

-2

–1

o
1
2

4

6

8

10

12

14

16

ls

20

Ky.

-0.000399

.000M6

.0W432

.000721

.000936

.(HXU46

.001610

.001878

.002230

.002580

.002910

.00316$

.003165

.(xW80

.002882

u. s. A. 1.

Kx,

0.000151.5

.0000906

.0#0700

.0(W353

.0000670

.000)688

.0000860

.0001158

.0001558

.orW206Ei

.ooo%95

.(mo3040

.0003710

.0006624

L/D.

2.64

L 72

6.15

11.0)

14.m

16.60

17.50

16.20

14.2A)

u. 60

Il. 20

10.40

8.50

5.60

9.40

Distance0:

C.P. @m

&%J~

pa)a;f

. . . . . . . . . .

. . . . . . . . . .

0.620

.580

.463

.415

.840

.316

.303

.200

.283

.274

.276

.310

.260

L.fi-AnglmhIn&hcmlto wh+d.
Eg-Ltft memcknt lbs./aq.ft PH.
Kx-Drift OcMMant in lk@q. f ,/MPH.

M%d%g’?f%yt%%?i,mq...,: Imw,lxx.
Vdodty of wind: W MPH.
Denstty ofstaudard atr: 0.07W ltam ft.

,.
,.
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h130h’WIIO LA30EATOBY !bWT.

MASSAOHUSE’IT’S INSTITUTE OF Tl?O’HNOLOQY.
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U. S. A, 2.
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.(W01S20
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.000270
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u. 22
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g&&i%i%%J%%H&=
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V-ofhd: al MPE.
-of~ * o.m3G81h.&l. ft.
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MASSAOEUSETTS INsTm?u”rE OF TEOHNOLQOY.

U. S. A. S.
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p$mtlf
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. . . . . . . . . . .
0.076

.462
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JkEODYNA.Wa hBOIMTORY ~ST.

wsAaEusETTs msTITuTE OF TE~”OLOGY.

U.S. A. 4.

;iegm..:f

i*
I.fofi. Ky. & L/D. @J.g.gb~

p&:r#

0

–4” –o. CaCL231 0.0001640 – 0.75 . . . . .
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5 .0019s00 .ooor340 14.60 .330
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u .0034700 .CKKJ5660 6.22 .303

20 .04)31CCQ .W07640 4.06 .335

L

Ldi-A@eofw@chOrd tOw’ind.
Ky.-IMt coeflieienth limhq. ft
KS.- Drift Coemcim.tbl Its@q.
L/D.-Ratio of lift to drm.
Vehxity of wind, 80MPE.
Density of standsrd W O.OWMlWm. ft.
Mcdel+: M by 3 inches (E4sq. k). ?IateriaL Bm.w.

—

—.

—
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AERODYNAMIC LABORATORY TEST.

?l.M~AOHCJN3!lTSINSTITUTEOF TEOHNO~Y.

U.S. A. 5.
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hIZODYNMCl hBOEATOEY ‘hST.

MASSAOHUSETCS ~STITUTE OF TEOHNOLOQY.

U. S. A.6.
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